Abstract Changing magnitude, frequency, and timing of precipitation can influence aquaticsystem hydrological, geochemical, and biological processes, in some cases resulting in systemwide shifts to an alternate state. Since the early 1990s, the southern Prairie Pothole Region has been subjected to an extended period of increased wetness resulting in marked changes to aquatic systems defining this region. We explored numerous lines of evidence to identify: (1) how the recent wet period compared to historical variability, (2) hydrological, geochemical, and biological responses, and (3) how these responses might represent a state shift in the region's wetland ecosystems. We analyzed long-term climate records and compared how different hydrological variables responded in this wet period compared to decades before the observed shift. Additionally, we used multi-decadal records of waterfowl population and subsurface tile drain records to explore wildlife and human responses to a shifting climate. Since 1993, a novel precipitation regime corresponded with increased pond numbers, pondedwater depths, lake levels, stream flows, groundwater heights, soil-moisture, waterfowl populations, and installation of subsurface tile drains in agricultural fields. These observed changes reflect an alteration in water storage and movement across the landscape that in turn has altered solute sources and concentrations of prairie-pothole wetlands and has increased pond permanence. Combined, these changes represent significant evidence for a state shift in the ecohydrological functioning of the region's wetland ecosystems, a shift that may require a significant refinement of the previously developed Bwetland continuum^concept.
Introduction
The North American Prairie Pothole Region (PPR) encompasses a wide variety of hydrologically distinct ecosystems that support critical migratory-bird habitat, dynamic aquatic communities, extensive grasslands, and productive agricultural systems. The PPR covers approximately 770,000 km 2 of the USA and Canada (Smith et al. 1964) (Fig. 1) . The advance and retreat of the Laurentide ice sheet (Dyke and Prest 1987 ) created a landscape of lowpermeability soils and millions of closed-catchment lake and wetland basins (Goldhaber et al. 2011) . These depressional basins vary topographically along the landscape in relation to groundwater, which causes differences among aquatic systems in terms of permanence and salinity of ponded water (Winter 2003) . Wetlands located above the local water table typically have temporarily ponded water and are able to lose solutes to groundwater, which keeps their waters fresh. Wetlands located lower on the landscape tend to have ponds that are more permanent and accumulate solutes from discharging groundwater or via surface connections to other saline wetlands. Substantial hydrogeochemical variability among wetlands has created distinct habitats that support a variety of plant, invertebrate, and vertebrate communities .
The PPR climate is continental and highly variable both spatially and temporally (Rosenberry 2003; Mushet 2016 ) with year-to-year weather conditions strongly influencing hydrological status of the region's wetlands, lakes, streams, and groundwater (Liu and Schwartz 2012; Hayashi et al. 2016; LaBaugh et al. 2016) . Annual precipitation has displayed patterns of both high inter-annual variability (Hayashi et al. 2016 ) and decadal oscillations between dry and wet modes (Winter and Rosenberry 1998) . The rapid response of surfacewater levels to increasingly dynamic weather patterns can be exacerbated in this region because of the extensive network of hydrologically connected wetland basins that store water on the landscape (Stichling and Blackwell 1957; Leibowitz et al. 2016) . Snowmelt is an essential hydrological input sustaining wetlands, lakes, and streams in the PPR (Shook and Pomeroy 2012) . Historically, snowmelt could account for as much as 90% of the total surface runoff when soils are frozen at the time that the snow melts. (Pomeroy et al. 1998) .
The southern (i.e., USA) portion of the PPR has been in an extended Bwet period^since 1993 (Ballard et al. 2014 ), details of which will be expanded herein. More recently, these wet conditions have extended north into Canadian portions of the PPR (Hayashi et al. 2016) , including increases in runoff-producing multi-day storms (Shook and Pomeroy 2012) . These increasingly wet conditions may have implications in runoff generated by both snowmelt and high-intensity rainstorms (Dumanski et al. 2015) . Additionally, the wet conditions influencing the PPR coincide with air temperatures that are increasing by about 0.14°C per decade (Todhunter and Fietzek-DeVries 2016) .
Prairie-pothole-wetland trophic structures are strongly influenced by both pond permanence and salinity (McLean et al. 2016a) . The most immediate effects of a wetter climate on wetland ecosystems in the PPR have been an increase in pond permanence and an overall decrease in salinity . However, LaBaugh et al. (2016) recently showed how sustained high water in the region's wetlands can lead to increasing salt loads in wetland ponds. These shifts in pond permanence and salinity are affecting plant (Winter 2003) , macroinvertebrate (McLean et al. 2016a) , and waterfowl communities (Euliss et al. 2004 ). Transitioning to more permanently inundated and less-saline wetlands can increase suitable habitat for the persistence of fish populations and potentially facilitate movements among aquatic habitats and human translocations (McLean et al. 2016b) . Increased fish populations introduce potential forage competition for waterfowl (Cox et al. 1998) , and shifts in wetland-plant communities driven by changes in solutes and/or water levels influence available habitat for breeding (Steen et al. 2016) . Future increases in precipitation and temperature are likely to continue these novel biotic interactions (Ballard et al. 2014; Johnson and Poiani 2016) .
Agroecosystems, which are widespread and economically important in the PPR (Gascoigne et al. 2013) , also are affected by a wetter climate. Increased surface-water on the landscape can necessitate installation of subsurface tile drains (Blann et al. 2009) (Pavelis 1987) . We focused our research on the southern PPR, the portion that has experienced this Bwet period^for the longest time and to the greatest extent. We pursued three research objectives to determine the extent that increased precipitation has changed wetland ecosystems in the southern PPR: (1) determine if increases in wetness in the southern PPR are beyond recent historical variability; (2) quantify hydrological, chemical, and biological (including human) responses; and (3) explore the possibility that identified hydrological, chemical, and biological responses represent an ecosystem-level state shift in the wetland systems of this ecologically and economically important region. To address these objectives, we first analyzed long-term climate records. We examined a number of long-term surface-water, groundwater, and soil-moisture records from North Dakota in the southern PPR to compare hydrological functioning during the recent wet period to hydrologic functioning during decades before 1993. We also used long-term records of regional waterfowl production and subsurface tile drain permits to assess the ecosystem and human responses to different climate regimes. We then evaluated the possibility that observed changes occurring in the southern PPR have resulted in a shift in the ecohydrological state of the region's wetland ecosystems not yet accounted for by the widely used Bwetland continuum^conceptual framework (Euliss et al. 2004 ).
Methods and datasets

Study area
The southern PPR is located south of Manitoba and Saskatchewan, Canada, and north and east of the Missouri River in the USA (Fig. 1) . Soils in the southern PPR are variable but can be up to 20 m deep, and high clay content can cause very low permeability in some parts of the region (Goldhaber et al. 2014) . November through March is cold and dry; average temperature is below 0°C, and average precipitation prior to the recent wet period was less than 70 mm. Snowfall accumulated during this period is crucial for supplying freshwater to the region's aquatic systems (Renton et al. 2015) . The warmest and wettest part of the year is usually June through August with average temperatures around 20°C and rainfall (before 1993) totaling nearly 220 mm. Summer rainfall is typically generated by high-intensity thunderstorms and accounts for approximately half of annual precipitation (Rosenberry 2003; Vecchia 2008 ).
Climate shift: meteorological datasets
We chose meteorological datasets that represented both precipitation and evapotranspiration, and extended over more than a century. We used meteorological datasets from North Dakota Climate Division 5 (Fig. 1) . We used the precipitation dataset (1895-2015) from the Global Historical Climatology Network-Monthly version 2 (GHCN-M) (Menne et al. 2009 ). We also analyzed changes in the monthly Palmer Hydrological Drought Index (PHDI) (Palmer 1965; Karl et al. 1987) . PHDI is one of the most widely used drought indices with values above zero indicating wet conditions and values below zero indicating dry conditions (Vicente-Serrano et al. 2012) . Temperature and precipitation are used in PHDI for calculating water balance components such as runoff, evapotranspiration, and soil recharge (Karl 1983 ). We chose PHDI over PDSI because PHDI is considered more appropriate for tracking long-term, surface-water dynamics (Dai 2011; Vicente-Serrano et al. 2012) . Detailed methods for calculating PHDI can be found in Karl (1983) . We obtained monthly PHDI data for 1895-2015 from the NOAA National Climate Data Center (http://www1.ncdc.noaa.gov/pub/data/cirs/). We also calculated potential evapotranspiration using the temperature-based Hamon equation (Hamon 1961 ) and compared annual and monthly means for the periods 1895-1992 and 1993-2015 (Fig. S1 ).
Hydrological and biological response datasets
We used various multi-decadal hydrological datasets from across the southern PPR. We analyzed pond-elevation and groundwater-depth (Winter 2003) data from wetlands of the Cottonwood Lake Study Area (CLSA), which is located on the eastern edge of the Missouri Coteau in Stutsman County, North Dakota (Winter 2003) . The CLSA data we used came from eight Btemporarily^ponded wetlands (T2-T9) that historically dried seasonally, and eight Bsemi-permanently^ponded wetlands (P1-P4, P6-P8, P11) that retain water year round except during periods of severe drought . We also used annual average water-table heights from 16 CLSA groundwater wells (wells 2-16 and 54). We analyzed USGS water-elevation data for Devils Lake ; https://nd.water. usgs.gov/devilslake/data/) (Todhunter 2016) . To measure changes in the number of wetland ponds available to breeding waterfowl, we used the US Fish and Wildlife (USFWS) Spring Pond Count data from stratum #46 ( Fig. 1 ) located in southeastern North Dakota (USFWS 2016).
We analyzed trends in discharge for the major streams and rivers included in the USGS Hydro-Climatic Data Network 2009 (HCDN-2009) from 1938 to 2015. Streams used were the five HCDN-2009 streams in the southern PPR, i.e., Sheyenne River (USGS 05057000), Baldhill Creek (USGS 05057200), Wintering River (USGS 05120500), Willow Creek (USGS 05123400), and James River (USGS 06468170) (Fig. 1) . All stream gage data was obtained from https://waterdata.usgs.gov. We also conducted a separate, more detailed analysis that focused on flow (i.e., river discharge) responses of the Sheyenne River to precipitation before and since 1993. This precipitation to discharge relationship is controlled by soil-moisture status in the watershed (Fig. 1) (Todhunter 2016) . We used modeled average annual soilmoisture data from the Climate Prediction Center (CPC) (http://www.cpc.ncep. noaa.gov/). Modeled soil-moisture at the end of each month came from a one-layer water balance model that was driven by air temperature, monthly precipitation, and calibrated runoff data. The model generates an average for a soil column of 1.6 m with a common porosity of 0.47 that gives a maximum holding capacity of 760 mm (Huang et al. 1996; van den Dool et al. 2003) .
We chose biological response variables that represented both waterfowl production and changes in agricultural practices. We used data from the Waterfowl Breeding Population and Habitat Survey (USFWS 2016) to measure changes in breeding-waterfowl populations in southeastern North Dakota stratum #46 from 1955 to 2015. Stratum #46 encompasses 78,000 km 2 and is representative of wetland distribution found throughout the southern PPR (Fig. 1) . The USFWS conducted these surveys each May. To analyze the human response to excess water in agricultural fields, we used counts of subsurface tile drain permits issued by the North Dakota State Water Commission (Finocchiaro 2016) . North Dakota drain permitting has been recorded since 1975 (Sando 2015) .
Wetland ecosystem state shift
In addition to analyzing pond depths across wetlands at CLSA, we also conducted a detailed analysis of changes in salinity in CLSA wetland P1. We used total dissolved solids (TDS) (kg) in the P1 pond updated from LaBaugh et al. (2016) as a proxy for P1 salinity. TDS was estimated from an empirical relationship between specific conductance and TDS (R 2 = 0.97). Calibration techniques are detailed in LaBaugh et al. (2016) . We also qualitatively evaluated how observed changes in salinity and pond depth can move a wetland ecosystem in novel directions along different axes of the wetland continuum conceptual model (Euliss et al. 2004 ).
Statistical analysis
Means and coefficients of variation were determined for two periods, years before 1993 and 1993-2015. We evaluated changes in means of each of our climatological, hydrological, and biological variables using Student's t tests and reported all t statistics generated from these analyses. Statistical significance was indicated as p values at α = 0.05. We also used segmented regression analysis and Student's t test to identify best-fit slopes and compare cumulative discharge to cumulative precipitation in the Sheyenne River before and after 1993. Segmented regression analysis was used to estimate any breakpoints in the Sheyenne River analysis using the Bsegmented^package in R (Muggeo 2008) . We conducted all analyses and generated all figures using R version 3.0.2 (R Core Team 2016).
Results
Climate shift
In addition to significant warming over the last century (Todhunter and Fietzek-DeVries 2016), we found there was an increase in overall wetness (Fig. 2) . Annual precipitation during 1993-2016 increased by 55 mm, or 12% when compared to 1895-1992 (t = 1.99, p = 0.02) (Fig. 2b) . We found that precipitation increases occurred mostly in the spring, summer, and early fall. Monthly precipitation increased by 18 mm in May (t = 2.22, p = 0.03), 16 mm in July (t = 2.48, p = 0.02), and 16 mm in October (t = 2.73, p = 0.007) (Fig. S2) . While precipitation significantly increased and despite gradual temperature increases (Todhunter and FietzekDeVries 2016) , annual potential evapotranspiration has not significantly increased since 1993 (Fig. S1 ). The average monthly PHDI also significantly increased (t = 11.3, p < 0.0001) from the 1895-1992 period (x = 0.60) to the 1993-2016 period (x = 2.66) (Fig.  2a) . A value of 0.60 is considered Bnear normal,^whereas a value of 2.66 would be considered Bunusually moist^ (Palmer 1965) . The years 1993-2016 included the highest monthly PHDI values recorded since 1895 and a significant increase in the proportion of months with PHDI values greater than zero (Table S1 ).
Hydrological and biological response datasets
Each of the ecohydrological variables we examined exhibited quantitatively significant changes in functioning since 1993 and correlated with the change to a wetter climate (Fig. 3) . Increased precipitation corresponded with significant increases in monthly average soil-moisture (mm) for all months across North Dakota Climate Region 5 (Fig. S2) . Mean annual soil-moisture storage (mm) in the southern PPR significantly increased (t = 1.98, p < 0.0001) by 16% (40 mm) from 1932-1992 to 1993-2015 (Fig. 3a) . Inter-annual soil-moisture coefficient of variation has also decreased by 20% since 1993. This decrease in soil-moisture variability corresponded with a 57-mm increase in the minimum annual soil-moisture from 171 mm before 1993 to 228 mm since 1993. The largest monthly soil-moisture increase occurred in October with a significant increase of 49 mm (t = 4.61, p < 0.0001) (Fig. S2) . Groundwater heights also showed a significant increase of~2 m on average (t = 6.9, p < 0.0001) since 1993 (Fig. 3b) . Groundwater heights increased in each of the 16 wells, with the greatest increases of~4 m occurring in two of the 16 wells (Fig. 3b) .
Surface-water in the southern PPR has also responded much differently in the last 23 years compared to years prior to 1993. Average wetland pond water depths significantly increased (t = 5.9, p < 0.0001) by~1 m at the CLSA (Fig. 3c) . The semi-permanently ponded (P) wetlands have become much deeper, lake-like, systems. Before 1993, the average pond depth of P wetlands at CLSA was 0.45 m, and the deepest pond was just over 1 m. Since 1993, the average annual depth for P wetland ponds has increased by four times to 1.83 m, and the scale in Devils Lake. The average depth of Devils Lake has increased significantly (t = 15.7, p < 0.0001) by~10 m, with the majority of this increase occurring from 1993 to 1999; the lake level has remained above 440 MASL since then (Fig. 3d) , despite pumping efforts that were initiated by the state of North Dakota in 2007 (Vecchia 2008) . The mean number of wetlands with ponded water present during the spring Waterfowl Breeding Population and Habitat Survey has also significantly increased since 1993 (t = 7.4, p < 0.0001) (US Fish and Wildlife USFWS 2016). The mean number of ponds has more than doubled in the southern PPR from 132,748 in 1955-1992 to 297,545 in 1993-2015 (Fig. 3f) .
The collective increase in surface-water in the southern PPR also correlated with biological, including human, responses since 1993. The mean annual breeding-waterfowl population has significantly increased (t = 9.8, p < 0.0001) by almost threefold since 1993, from 0.76 million birds to 2.0 million birds (Fig. 3g) . This increase in annual breeding waterfowl population was strongly and linearly correlated with the increased annual number of ponded wetlands (R 2 = 0.72, p = 0.001). Subsurface tile drain installation also correlated with increased landscape surface moisture. No tile drain permits were issued in North Dakota prior to 1993. The installation of tile drains exponentially increased from 2002 to 2010 (Fig. 3h) . The most tile drain permits issued in 1 year was 206 in 2013. This spike in the issuance of subsurface tile drain permits comes after the three highest recorded years of soil-moisture for the southern PPR (Fig. 3a) and a resultant need to remove surface and near-surface water to sustain agricultural productivity.
Mean daily discharge of our five study streams also significantly increased (t = 5.4, p < 0.0001) from 0.5 m 3 /s to 3.8 m 3 /s (Fig. 3e) . Discharge in the Sheyenne River became 2.7 times more sensitive to precipitation from 1993 to 2015 as compared to . A double mass-curve analysis performed by Todhunter and Rundquist (2004) , and extended here, revealed a linear relationship between precipitation input and runoff response (i.e., cumulative discharge) for the Sheyenne River, with a distinct change in slope from 0.06 to 0.16 in 1993 (Fig. 4) . We verified this change in slope via segmented regression analysis that identified 1993 as the year with the lowest mean squared error and the only breakpoint.
Wetland ecosystem state shift
Along with increased water in prairie-pothole wetlands, there has also been an increase in salt loads in semi-permanent ponds (Fig. 5a ). Mean TDS mass in CLSA wetland P1 before 1993 was 14,600 kg; after 1993, mean TDS was 131,800 kg. In addition, since 1993, mean TDS in wetland P1 has increased by 8900 kg per year (Fig. 5a) . These results also indicate that wetlands may move in novel directions along the wetland continuum (Fig. 5b) . Traditionally, wetlands that supported salt-tolerant vegetation communities existed during Bdrought^pe-riods, as shown on the y-axis of Fig. 5b . Figure 5a shows a wetland that is rich in salts but operating during a Bdeluge^period.
Discussion
The observed shift in climate has continued to persist even as inter-annual and decadal patterns such as the El Niño-Southern Oscillation (ENSO) or the Pacific Decadal Oscillation (PDO) have changed from wet to dry modes (Huang et al. 2015) . Ballard et al. (2014) found that both ENSO and PDO were not strong drivers of PPR climate and surface-water levels. Not only were there higher PHDI values during this wet period than at any other time in the past century, but there was also a conspicuous absence of extremely low (i.e., dry) PHDI values (Table S1) . Todhunter (2016) and others have postulated that the current wet period began in 1980 and is part of a normal shift between long-term dry and wet modes. Our evidence indicates this shift occurred in 1993, is novel, and is distinctly different from previously measured oscillations. Water levels reflective of current conditions have likely not occurred in the southern PPR during the past 500 years (Winter and Rosenberry 1998) and certainly not during the last 100 years. With an absence of the normal cyclical dry-down periods, there has been a prolonged recharging of soil-moisture, surface-water, and groundwater. The enhanced response of discharge in areas such as the Sheyenne River in the last 23 years (Fig. 4) illustrates how upland soils that are close to saturation can more efficiently transform both snowmelt and precipitation into runoff.
Another example of an ecohydrological response is from the Devils Lake Basin, where runoff into the lake annually has increased by~400% over the last 30 years (Todhunter 2016) . It is fair to assume that a similar mechanism is driving the large increases in pond-water depth (Fig. 3c ) and pond number (Fig. 3f) across the southern PPR. Other studies of the wetland habitats across the PPR have found similar responses Cressey et al. 2016; Hayashi et al. 2016) . It is likely that increases in soil-moisture (Fig. 3a) are also causing enhanced snowmelt runoff during spring runoff events (Shook and Pomeroy 2012) . Even though precipitation during winter months has not increased (Fig. S2) , more soil-moisture would cause less snowpack infiltration and more effective runoff. Additionally, increased soilmoisture during fall would contribute to frost seals in the soil that enhance spring runoff events. Precipitation increases during summer and fall have a compounded effect on runoff . Water volume is represented by black circles and mass of total dissolved solids (TDS) is represented by gray circles (updated from LaBaugh et al. 2016) . b The wetland continuum framework (Euliss et al. 2004 ) modified to show an example state shift (lettered arrows) in a wetland's hydrologic relation to groundwater. A wetland at position BA^that is changing in response to oscillations between wet and dry conditions can shift along BB^to a new state BC^if altered hydrologic conditions favor the buildup of salt loads during an extended wet period. The wetland will likely remain at this new position, with its higher salt loads and more salt tolerant biotic communities, until hydrologic conditions revert B?^to a condition favoring the export of accumulated salt when intense rainfall from thunderstorms occurs when soils are saturated (Fig. 3b ) (Rosenberry 2003) .
Although the evidence we reviewed clearly suggests climate has been the dominant driver of hydrologic change in the southern PPR, others have postulated that agricultural land-use change and/or wetland drainage have been the primary drivers of increased water inputs to wetlands in the region (Mccauley et al. 2015) . We offer two lines of reasoning to support the climate-shift hypothesis. First, all of the changes we observed started in 1993, concurrent with the beginning of the extreme wet period (Fig. 3) . Recent analysis of land-use conversion indicates there was no significant change in either land use or wetland drainage initiated in 1993 that can explain the observed hydrologic changes (Drummond et al. 2012; Wright and Wimberly 2013) . Drummond et al. (2012) found the largest significant land-conversion rates occurred from 1992 to 2000, however the driver of this change was a conversion of wetlands to open-water. Wright and Wimberly (2013) indicated that major shifts to increased corn and soy production in the region did not occur until 2006, well after the hydrologic shifts in 1993. Furthermore, increases in groundwater and wetland water levels at the CLSA (Fig. 3b, c) could not have resulted from land-use changes because the site where those data were collected has not been altered from its natural state . Second, the number of wetlands containing ponded water has increased dramatically since 1993. Consolidation drainage proposed by Anteau (2012) as the primary driver leading to increased pond levels in wetlands of the southern PPR would result in a decrease in number and area of wetland ponds, the goal of this land management practice, as numerous small ponds are drained (i.e., consolidation) into a smaller number of larger, but deeper, ponds. Instead, starting in 1993, the number of wetland ponds (Fig. 3f) and total surface area of water present on the landscape has greatly increased (Liu and Schwartz 2012; Ballard et al. 2014) . Rather than being the cause of the state shift in the southern PPR, it is instead likely that land-use change is exacerbating effects of the climate shift.
One of the most unexpected results of the recent hydrological changes has been an increase in salt mass in prairie-pothole-wetland ponds coinciding with increased water levels (Fig. 5a ). We propose that this change is a key indicator of a state shift in the functioning of the region's wetland ecosystems. The wetland continuum concept was proposed by Euliss et al. (2004) as a framework for better understanding biotic responses of wetlands that vary along continuous groundwater and atmospheric water gradients (Fig. 5b) . The underlying presumption of the concept is that the biotic communities of a wetland are the result of abiotic conditions dependent on that wetland's position in space and time along these two gradients. Additionally, it is presumed that the position along the vertical, dry to wet axis changes with time, whereas the position along the horizontal relationship to groundwater axis does not change (Euliss et al. 2004) . However, the evidence that we present here brings into question this underlying assumption of the wetland continuum concept. LaBaugh et al. (2016) showed that if high surface and groundwater levels persist, inflows to the wetland increase salt concentrations in that wetland to levels characteristic of drier, even drought-like conditions. These salinity increases result in shifts in the composition of biotic communities (McLean et al. 2016a ). Thus, the biotic communities at set positions along the horizontal axis identified in the wetland continuum can shift to communities that are characteristic of other positions along that same axis while not varying along the vertical axis (Fig.  5b) . If drought conditions return, it is possible that the wetlands will increase in salinity even more due to evaporative concentration. If this is the case, however, the semi-permanent ponded wetlands will not return to the previous position in the continuum but will have shifted to a new set of abiotic and biotic conditions. Therefore, in terms of determining biotic communities, the two-dimensional framework provided by Euliss et al. (2004) needs modification to describe biotic community response to novel climate conditions that result in sustained high-water levels. This suggestion presents additional evidence of a state shift affecting these wetlands, a shift beyond the conditions envisioned in the original wetland continuum.
In summary, we have presented abundant evidence that the recent wet climatic conditions sustained in the southern PPR since 1993 have been greater in magnitude and persisted longer than during any period in the last century, and as suggested by Winter and Rosenberry (1998) , likely the last 500 years (Table S1 ; Fig. 2 ). This shift has distinctly altered the aquatic and terrestrial systems of the southern PPR (Fig. 3) . The capacity for prairie-pothole-wetland biota in particular to return to their original state may be diminished due to increased salt loads (Fig.  5a ). Our findings illuminate a need for the development of a generalized coupled hydrogeochemical model for management applications of prairie-pothole wetlands that can incorporate the functional changes associated with different ecohydrological states in order to more fully understand the ultimate influences of climate and ecosystem shifts.
